An understanding of the determinants of trait variation and the selective forces acting on it in natural populations would give insights into the process of evolution. The combination of long-term studies of individuals living in the wild and better genomic resources for nonmodel organisms makes achieving this goal feasible. This article reports the development of a complete linkage map in a pedigree of free-living Soay sheep on St. Kilda and its application to mapping the loci responsible for three morphological polymorphisms for which the maintenance of variation demands explanation. The map was derived from 251 microsatellite and four allozyme markers and covers 3350 cM ($90% of the sheep genome) at $15-cM intervals. Marker order was consistent with the published sheep map with the exception of one region on chromosome 1 and one on chromosome 12. Coat color maps to chromosome 2 where a strong candidate gene, tyrosinase-related protein 1 (TYRP1), has also been mapped. Coat pattern maps to chromosome 13, close to the candidate locus Agouti. Horn type maps to chromosome 10, a location similar to that previously identified in domestic sheep. These findings represent an advance in the dissection of the genetic diversity in the wild and provide the foundation for QTL analyses in the study population.
A N area of fundamental research in evolutionary genetics concerns the closely related issues of understanding the determinants of trait variation in natural populations and understanding how genetic variation for traits is maintained in the face of natural selection. The first of these problems is often summarized as the ''genetic architecture'' question: in general we would like to know whether genes of large effect commonly segregate in natural populations or whether the infinitesimal model, i.e., that most traits are controlled by many genes of small effect, is appropriate-or, perhaps more likely, some configuration in between (Barton and Keightley 2002; Brem and Kruglyak 2005) . Similarly, we would like to know to what extent genetic interactions such as dominance, pleiotropy, and epistasis contribute to the evolutionary dynamics of a population. The second problem was long ago identified by Fisher (1958) : How is it that genetic variation for traits persists when selection is so often directional? The answer to this question must lie not only in the genetic architecture question, but also in the modes of selection and their temporal and spatial stability.
In principle, the arrival of abundant molecular markers, genetic maps, and whole-genome sequences allows us to address both genetic architecture and selection in much greater depth than ever before, since the role of variation at individual loci can be assessed. Mapping trait loci is a starting point for providing information on the genetic architecture of a trait in terms of the number of genes involved, relative effect, and mode of expression (Erickson et al. 2004; Slate 2005) . In turn, this allows study of the relationship between phenotype and genotype and inference of the selective forces acting on the critical locus. Furthermore, by mapping genes, it is possible to test for the presence of gene-by-gene (epistatic) and gene-by-environment interactions, which are thought to contribute to phenotypic variation in natural and controlled settings (Carlborg and Haley 2004; Erickson 2005) . In addition, the discovery of the map location of genes that influence phenotypic variation means that patterns of linkage disequilibrium (LD) and haplotype structure can be examined, which may provide insights about population history and selection. Unfortunately, some of the characteristics that make experimental populations so practical for linkage mapping also restrict the degree to which findings can be extrapolated to natural populations. Usually, geneticists generate segregating populations derived from one or a few pair of parents, which are often inbred and selected for the 1 extreme phenotypes. In addition, the population is raised in a uniform and controlled environment (e.g., a greenhouse) where nongenetic sources of phenotypic variation are minimized. On the one hand, this strategy maximizes the power of analysis; i.e., it increases the probability of finding a statistical association between marker genotype and phenotypic trait, but on the other hand, as the aim of genetic research becomes the understanding of how selection shapes genomes, the findings in experimental crosses are of limited applicability (Roff and Simons 1997; Conner 2002) . In the wild, individuals are exposed to environmental and genetic forces (e.g., genotype-by-environment interaction, pleiotropy, epistasis, maternal effects), some of which are unwittingly or deliberately diminished in experimental settings and may conceal important effects in the wild (Kroymann and Mitchell-Olds 2005; Wilson et al. 2005a,b) . Although these forces are particularly difficult to detect in the wild, their possible absence from an experimental design may lead to biased conclusions.
A refined understanding of the process of evolution can be expected if the precise loci underlying trait variation can be identified and their behavior studied in free-living populations. Hence, a recent development is the application of genomic analyses to studies of freeliving populations. Techniques for generating large numbers of genetic markers (e.g., AFLPs and microsatellites) and the availability of markers from related model species means that genetic maps and quantitative trait locus (QTL) searches in organisms originally studied in the wild are becoming more common (Erickson et al. 2004; Slate 2005) . To date, most of these studies have involved wild plants or animals brought into and bred in the laboratory. Although in some cases the experimental design makes use of pedigrees generated from several lines (Zhang et al. 2005) and investigates fitness-related traits (Laurie et al. 2004) , such studies do not directly address the action of natural selection as the study organisms are the product of breeding programs. Other projects have been designed to answer specific ecological or evolutionary questions and to this end have employed individuals drawn from the wild and crossed under controlled conditions (Hawthorne and Via 2001; Lexer et al. 2003) . The artificial development of the mapping populations, however, may generate genetic variation that may not occur in the wild (Erickson et al. 2004; Slate 2005) . Given the existence of several studies of individually monitored, pedigreed individuals living in the wild, an obvious extension of these studies is to generate genetic maps and attempt to map genes underlying trait variation in nature. To date, however, we know of only two such studies pursuing this line (excluding studies of humans, where cultural factors make extension of findings to animal populations difficult). In red deer (Cervus elaphus) living on the island of Rum, Slate et al. (2002) obtained a partial map ($62% genome coverage) using microsatellite marker genotypes and then searched for QTL for a phenotypic trait, birth weight, finding three candidate regions for further investigation. Second, Hansson et al. (2005) have recently generated a preliminary genetic map ($25% genome coverage) for the great reed warbler (Acrocephalus arundinaceus) population at Lake Kvismaren, Sweden, again using microsatellites.
In this article, we describe the construction of a relatively much more complete genetic map for a freeliving population, the Soay sheep (Ovis aries) living on St. Kilda, taking advantage of existing genomic resources available for domestic sheep. This population is the subject of a long-term, individual-based multidisciplinary study, which includes the collection of extensive phenotypic, ecological, and genetic information (CluttonBrock and Pemberton 2004) . Soay sheep are highly variable in appearance, with two independent polymorphisms of coat pigmentation (coat color and coat pattern) and polymorphic horns [normal, deformed (''scurred''), or polled horns]. Selection acting on two of these polymorphisms, coat color and horn type, has been previously documented (Milner et al. 2004) . We demonstrate the utility of the genetic map by mapping the genes underlying these three polymorphic traits, setting the scene for better understanding of selection on these traits and for future QTL searches in the study population.
MATERIALS AND METHODS
Mapping population: The Soay sheep on the islands of Soay and Hirta (St. Kilda archipelago, northwestern Scotland, UK, 57°499 N, 08°349 W) are feral populations of a breed regarded as the most primitive in Europe (Campbell 1974; Doney et al. 1974) ; today, the sheep population of Hirta varies between 600 and 2000 individuals. Since 1985 regular expeditions have been sent to St. Kilda to monitor the population dynamics and to record the entire history of individuals living in Village Bay, Hirta (Clutton-Brock et al. 2004a) . No predators are present on St. Kilda.
The mapping population analyzed in this study was selected from a larger Soay sheep data set comprising .3300 individuals with phenotypic records. In this population, maternity is determined by observation, and paternity is inferred through molecular analysis (Overall et al. 2005) . The mating system is polygynous and promiscuous, such that very few full-sibs occur in the population. To trade off between power of linkage mapping and amount of genotyping work, we selected and genotyped half-sibships with 12 or more well-phenotyped individuals and their common parent, plus half-sibships with at least 10 animals that were related to previously selected animals. In addition, we included in the mapping pedigree file, but did not genotype, the noncommon parents and the ancestors of the half-sib families. Although not genotyped and in some cases phenotypically less well characterized, these additional individuals link different sibships, which otherwise would appear as unrelated. This strategy increases the number of informative meioses as missing genotypes and marker phases, in some cases, can be inferred from the knowledge that different individuals share the same ancestors. In total, the mapping pedigree numbers 882 animals with 571 paternal links and 663 maternal links, of which 588 animals were genotyped (supplemental Figure S1 at http:/ /www.genetics.org/ supplemental/).
Polymorphic traits: In Soay sheep the color of the pelage is determined by two independently segregating polymorphisms, one affecting the color of the coat (hereafter referred to as coat color, locus Coat color, Figure 1A) , and the other determining the contrast in color between belly and coat (hereafter referred to as coat pattern, locus Coat pattern, Figure  1B ). Coat color can be classified into two distinct phenotypes, dark and light, which occur in a ratio of $3:1. Segregation analyses in mainland Soays (Doney et al. 1974) and in resolved pedigrees on St. Kilda (Coltman and Pemberton 2004) suggest that a single biallelic locus, in which dark is completely dominant to light, determines the two classes (see Table 1 ). With respect to coat pattern, Soay sheep with the ''wild-type'' morph have a paler belly and rump than the rest of the coat while the ''self'' morph is characterized by a uniform and more intense coat color. The wild and self morphs occur in a ratio of $20:1. This variation is also determined by a single biallelic locus with wild type completely dominant to self (Coltman and Pemberton 2004) . Wild-type sheep have hairs in which the dark color is alternated by pale bands, a pattern commonly found in wild mammals and usually due to the Agouti locus (Bennett and Lamoreux 2003) . Conversely, in self sheep the hairs have no banding pattern (Clutton-Brock et al. 2004b) .
With respect to horn type (locus Horn type), Soay sheep are polymorphic for horns in both sexes. Females are classified into three horn types: normal (33%), scurred (vestigial and deformed, 28%), and polled (hornless, 39%), whereas in males only the normal (87%) and scurred (13%) phenotypes occur ( Figure 1C , Table 1 ). Although the inheritance of the horn phenotype is not completely understood, pedigree data on St. Kilda are consistent with a single locus with three alleles (normal horned, sex-limited horned, and polled) showing sexspecific expression and dominance (Coltman and Pemberton 2004) , a model originally proposed for Merino sheep (Dolling 1961) .
DNA extraction and microsatellite genotyping: Commercial kits were used to isolate DNA from blood samples (GFX genomic blood purification kit, Amersham Biosciences) or ear punches (GenomicPrep cells and tissue DNA isolation kit, Amersham Biosciences) following the manufacturer's instructions. When the amount of starting material was too small or degraded to allow the use of these methods, the DNA was extracted using Chelex resin beads (Chelex 100 Resin, BioRad Laboratories, Hercules, CA). About 1-5 mg of blood or tissue was incubated at 56°overnight in 300 ml of a 5% Chelex and 0.1 mg/ml proteinase K solution followed by 5 min at 95°. Before PCR amplification, the DNA solution extracted with either method was diluted 1:4 with ddH 2 O and 2 ml was air dried in 96-well PCR plates.
To construct a map with markers evenly distributed throughout the genome, the Australian Sheep Gene Mapping website (http:/ /rubens.its.unimelb.edu.au/$jillm/jill.htm) was taken as a reference to select microsatellite markers on the basis of their location and information content. PCR amplifications were performed in 5 ml volume, and MgCl 2 concentration was adjusted between 1.5 and 4.0 mm to achieve optimal quality of the reaction. Two touchdown PCR programs were initially tested for each marker on a panel of eight sheep: one in which Linkage Mapping in a Free-Living Populationthe annealing temperature was progressively decreased during the first 10 of 29 cycles from 60°to 50°, and the other in which the decrease was from 65°to 55°. Fluorescent primers (6FAM, VIC, PET, or NED fluorescence) were synthesized by Applied Biosystems (Foster City, CA). Fragment lengths were analyzed on an ABI3730 DNA Analyzer and genotypes were determined using GeneMapper v3.0 (Applied Biosystems).
To estimate the genotyping error rate, 84-258 randomly chosen individuals were regenotyped at 10 loci with average polymorphism. Genotyping error rate was also assessed on the basis of mother-offspring mismatches using CERVUS 2.0 (Marshall et al. 1998) .
Linkage map and genome scan: Parent-offspring genotype inconsistencies arising from incorrect paternity assignment (32 incorrect links found) or typing errors were detected through the program PedCheck (O'Connell and Weeks 1998) and either resolved by rechecking the parentage records and genotypes or scored as untyped. Some cases of paternity mis-assignment were expected since in the original data set paternity was assigned with only 80% confidence (Overall et al. 2005) .
Linkage mapping was performed using CRI-MAP v2.4 (Green et al. 1990 ) to determine the marker order, intermarker intervals, two-point LOD scores, and number of informative meioses. The complexity of the pedigree and the number of markers employed made a systematic testing of all the possible map combinations impractical. In most cases, the size of the pedigree did not allow the analysis of more than seven or eight markers at a time; therefore, sets of overlapping markers were tested sequentially until a whole chromosome was mapped. Markers expected to belong to the same chromosome were first input into CRI-MAP following the order reported in domestic sheep (Australian Sheep Gene Mapping website at http:/ /rubens.its.unimelb.edu.au/$jillm/jill.htm). The log 10 likelihood of the initial marker order was then compared with that of alternative orders ( flips2 or flips3 function) to detect more likely combinations (i.e., higher log 10 likelihood). An increase in log 10 likelihood of three or more was considered evidence of a significantly more probable map (Morton 1955) . In cases of inconsistency between Soay and domestic sheep, the most probable Soay order was retained after having ruled out possible human or technical mistakes. Markers mapping to unexpected locations or supported by a weak LOD score (,1.8) were also tested for linkage (two-point function) against all the other markers in the database to detect whether better positions could be found.
Coat color and Coat pattern loci were mapped using CRI-MAP assuming each trait was encoded by a single locus with two alleles showing complete dominance: the Dark allele dominant over Light and the Wild dominant over Self (Coltman and Pemberton 2004;  Table 1 ). A test for linkage between the target locus and any of the mapped markers was performed by means of the two-point function of CRI-MAP. The best position of a candidate locus was searched for by means of the flips and fixed functions of CRI-MAP to test alternative map positions. Consistent with the criteria used in the map construction, an increase in the log 10 likelihood of the map of three or more was taken as evidence of a significantly more likely position. In the case of Coat pattern, the low frequency of Self morphs resulted in a low number of informative meioses. To confirm or reject a suggestive linkage, more sheep in families segregating for Coat pattern were genotyped at markers in the relevant region (see results).
The Horn type locus was first investigated using CRI-MAP under a simplified model to scan the whole genome, and then the LINKAGE package (Terwilliger and Ott 1994) was employed to perform parametric multipoint analysis in target region(s) identified by the preliminary scan. In CRI-MAP, Horn type was coded as a single biallelic locus where the Normal (Ho ) was not explicitly considered (see Table 1 ); modeling three alleles in CRI-MAP would have resulted in too many missing genotypes since this program does not allow a trait (or a marker) phenotype to be coded by more than one genotype. Although this simplification reduces the power of analysis, it does not bias the results.
Computational constraints due to the size of the pedigree and the number of inbreeding loops prevented the processing of the entire pedigree by parametric multipoint linkage analysis. To circumvent this problem, the mapping panel was split into 39 unlinked families. For the parametric multipoint analysis in LINKAGE (Terwilliger and Ott 1994) Table 1 ). Finally, a sixth (fictitious) class was assigned to animals without phenotypic information; the underlying genotypes were assumed to have complete penetrance.
Horn allele frequencies were taken from Coltman and Pemberton (2004) , and Ho P , respectively. Marker allele frequencies were estimated from the whole pedigree by 100,000 Markov chain Monte Carlo iterations implemented in Loki (Heath 1997 ); this procedure is based on a stochastic process and as such does not provide an exact result, but allows the handling of very large and complex pedigrees.
The LOD threshold of 3.3 to declare evidence of linkage corresponds to the value usually applied to human pedigrees (Lander and Kruglyak 1995) . This decision was taken on the basis that the sizes of the sheep and human linkage maps are comparable.
RESULTS

Soay sheep linkage map:
The Soay sheep linkage map was developed with 247 microsatellite and four allozyme markers, giving a total of $124,000 genotypes, which generated a map with $15-cM intermarker spacing across 3350 cM, equivalent to $3080 cM on the International Mapping Flock (IMF) map and corresponding to $90% of the sheep genome. Figure 2 compares the Soay sheep linkage map with the domestic sheep map (Maddox et al. 2001) ; the appendix lists the mapped markers and their characteristics. The mean number of alleles per locus was 4.6 with a mean polymorphism information content (PIC) of 0.52, which are lower values than those recorded on the Australian Sheep Gene Mapping website (http://rubens.its.unimelb.edu.au/ $jillm/jill.htm) for the same markers typed in the IMF (10 alleles and PIC ¼ 0.75); this is perhaps not surprising since the latter figures are for a pedigree derived from several sheep breeds. On average, each marker was typed in 510 sheep (86% of the 588 sheep selected for genotyping) and generated 310 informative meioses. Genomewide, the mean LOD score for linkage between two adjacent markers was 14.6. Twenty-two marker intervals were linked with a LOD score of ,2, but their marker positions were retained since they were in agreement with the domestic sheep map (Maddox et al. 2001) . Marker order was checked by means of the flips function of CRI-MAP and was consistent between the Soay and domestic sheep map in all but two cases: one on chromosome 1, where there is evidence for varying gene order in different sheep breeds (McRae and Beraldi 2006) , and the other on chromosome 12, which we have not investigated further. Of the 1290 duplicated genotypes, 2.4% showed inconsistency with the first screening. The error rate based on motheroffspring mismatching was 1.49% as estimated by CERVUS (Marshall et al. 1998) .
Linkage mapping of Coat color, Coat pattern, and Horn type loci: The phenotypic distributions of Coat color, Coat pattern, and Horn type in the mapping panel are reported in Table 1 ; these proportions do not differ significantly from the entire Soay sheep data set (x 2 test P . 0.1). Coat color: The highest LOD score for linkage was found with BMS678 (two-point LOD ¼ 29.5 at 0 cM), a microsatellite located on chromosome 2 (Figure 3 ). Other markers on chromosome 2 were significantly linked to the target locus, namely FCB128 (LOD ¼ 10.4), CSAP16E (LOD ¼ 5.1), and CSSM37 (LOD ¼ 4.4), whereas none of the other markers in the Soay sheep map produced a significant result for linkage (LOD ,2). Figure 4A shows in detail the best position for the Coat color locus in the map of chromosome 2; any other map order results in a significant decrease (.3) in the log 10 likelihood of the map.
Coat pattern: The highest linkage score (LOD ¼ 2.1) was detected on chromosome 13 (Figure 3 ). This LOD score fell short of genomewide significance, but this is likely to be a consequence of the low frequency of the self morph (6%), which meant that the Coat pattern locus was segregating in only a few families and there were few informative meioses for mapping (N ¼ 32). To confirm or reject this suggestive linkage, another 78 animals composing 15 families segregating for coat pattern were genotyped for the two microsatellite markers encompassing the LOD score peak (CTSBJ12 and MMP9), and the association between marker CTSBJ12 and the Coat pattern locus rose to LOD ¼ 3.9 with no recombinants between these loci (Figures 3 and 4B ).
Horn type: Consistent with Montgomery et al. (1996) , CRI-MAP detected linkage between Horn type and AGLA226 on chromosome 10 (LOD ¼ 6.1, Figure 3 ), but no other marker on chromosome 10 or elsewhere in the genome showed any significant linkage. Once the best location for Horn type was established on the chromosome 10 map (by use of the fixed function), CRI-MAP positioned Horn type distal to SRCRS25, the most telomeric marker on chromosome 10 (21.1 cM away from AGLA226). However, the likelihood of Horn type at this position was not significantly greater than in the interval between AGLA226 and SRCRS25 (log 10 likelihood: À150.16 vs. À151.44), although significantly better than in the interval AGLA226-HH41 (log 10 likelihood: À153.17). Therefore, at this stage we concluded that Horn type is located on chromosome 10 distal to or in the vicinity of AGLA226 ( Figure 4C ), but an accurate map position could not be assigned.
As described in materials and methods, the CRI-MAP model of Horn type is simplified and does not account for the Horn type and marker allele frequencies. Therefore, the analysis was improved by performing multipoint parametric mapping to derive a more accurate estimate of the Horn type locus position. The Horn type locus was tested for linkage against AGLA226 and its two flanking markers. The LOD profile found by the multipoint analysis ( Figure 5 ) suggests that the 1-LOD support interval for the presence of the target locus spans $16 cM.
DISCUSSION
As a step toward the comprehension of the genetic dynamics of wild populations, this article reports the development of a genetic map in a free-living population, the Soay sheep on St. Kilda, and its use in a genome scan to map the loci responsible for three morphological traits. To the best of our knowledge, this is one of the first accomplishments of gene mapping in a free-living population. The Soay sheep on St. Kilda present interesting features from an evolutionary and genetic point of view: their number is naturally regulated by a combination of food availability, parasite burden, and winter weather (Coulson et al. 2001; Clutton-Brock et al. 2004a; Wilson et al. 2004) , factors that, together, cause substantial fluctuations in population size (Coulson et al. 2001; Clutton-Brock et al. 2004a) .
Development of the Soay sheep linkage map: The map presented here has been developed with the primary purpose of localizing genes of evolutionary interest. The map position of a locus can integrate extant models to describe the population dynamics of Soay sheep. Especially when the phenotype conveys little information about the underlying genotype, as is the case for many quantitative characters, the monitoring of the target trait is improved and complemented by the genotype inferred through linked markers.
Patterns of allelic association in terms of linkage disequilibrium and population structure provide insights into history and selection of a population (Abecasis et al. 2005) . To this end, a linkage map is a starting point to enrich regions of interest with markers to assess the extension of the association and to compare the latter with theoretical expectations (McRae et al. 2005) . Genomic tools such as comparative mapping will facilitate the discovery of additional markers and candidate genes in target regions. The interest in coat color in Soay sheep stems from the differential survival between dark and light animals although no predators are present on St. Kilda and no obvious environmental conditions should favor one color over the other. It has previously been found that dark coats are positively selected during some high-mortality winters, but this is inconsistent and in other winters selection favors light-colored sheep or neither morph (Moorcroft et al. 1996; Milner et al. 2004) . Dark animals are significantly heavier than light ones, providing a possible mechanism for their better survival (CluttonBrock et al. 1997) . There is no difference in female fecundity between dark and light sheep (Clutton-Brock et al. 1997 ). At present, there is no explanation for why the light-color morph is maintained in the population; clearly, being able to distinguish the three genotypes may shed light on this puzzle. Hypotheses and future work to explain the difference in survival will take advantage of the map position and molecular characterization of the Coat color gene. A comparison between LD in the FCB128-CSAP16E interval and background LD in the Soay sheep genome should also provide information about the origin and evolutionary consequences of coat color variation.
Mapping of
With respect to Coat pattern, the high frequency of the wild morph (94% of the sheep scored, Table 1 ) severely reduced the number of informative meioses (32) so that strong linkage to any marker was unlikely to be found. The power of linkage mapping is proportional to the fraction of parents heterozygous at both the target locus and the linked markers. This combination generates the necessary marker-trait association in the progeny (Lynch and Walsh 1998) . It follows that if the target locus has a highly skewed allelic distribution, few heterozygous individuals are generated and more meioses need to be scored (the information content, estimated as PIC, reaches the highest value when all the alleles have the same frequency). Accordingly, the highest LOD score for Coat pattern reached only 2.1 on chromosome 13 (Figure 3) after an initial scan. However, the extension of the sample size confirmed this suggestive linkage. Interestingly, chromosome 13 harbors the Agouti locus, a candidate for Coat pattern (Parsons et al. 1999) . Agouti encodes for an antagonist of the melanocortin receptor, causing a switch from eumelanin to pheomelanin production in the pigment-producing cells, which results in the characteristic banding pattern observed in Soay sheep hairs and other mammals (Bennett and Lamoreux 2003) . To date, we have not detected selection acting on the Coat pattern locus.
Multipoint parametric linkage analysis was not performed for Coat color and Coat pattern because, in contrast to Horn type, the CRI-MAP model for Coat color and Coat pattern was already consistent with the most likely model, so that little or no improvement would have been gained by multipoint parametric analysis.
The mapping of Horn type returned a telomeric region on chromosome 10 previously detected by Montgomery et al. (1996; Figures 4C and 5) . This work opens the way for multiple strategies to fine map and isolate the Horn type gene. These include exploitation of bioinformatic tools to enrich the target region with SNPs and other microsatellites and identification of positional candidates by comparison with the annotated genome assemblies of cattle and other species. Like coat color, horn phenotype is under selection in Soay sheep and other wild populations. In ruminants, horns are typically used in intrasexual conflict, particularly among males where they reach much greater size. Previous analyses of Soay sheep have suggested that normalhorned males and scurred females have the highest annual breeding success (Clutton-Brock et al. 1997; Stevenson et al. 2004) , but that in winters characterized by high mortality, the scurred phenotype is generally favored in both sexes (Moorcroft et al. 1996) . Exactly how these forces maintain variation in the population is the subject of current research and would clearly be helped by being able to distinguish individuals by genotype rather than by phenotype. Therefore, the Horn type region is an attractive target for molecular evolution studies.
Future directions: The traits analyzed here are characterized by relatively simple inheritance patterns which, to some extent, may limit their applicability to the understanding of the process of evolution. However, this project opens the way to the more challenging task of detecting QTL affecting a variety of morphological and physiological traits. The Soay sheep has been the subject of a number of studies aimed at estimating quantitative genetic parameters for traits like birth weight and body size (Coltman et al. 1999; Milner et al. 2000 Milner et al. , 2004 . It has been found that the additive genetic variance of these traits is low but not null, despite the pressure of selection acting on them (Milner et al. 2000) . As these previous studies have been conducted under the infinitesimal model framework, the dissection of these traits through QTL mapping to determine eventual Mendelian factors would represent a major breakthrough toward the comprehension of the evolutionary processes in the wild. Linkage Mapping in a Free-Living Population
